Introduction
============

Aging can be defined as a process of biological modifications involving a gradual reduction in the capacity to adapt, and an increase in vulnerability to countless health issues such as chronic noncommunicable diseases and musculoskeletal disorders. According to the World Health Organization, by 2050, the number of elderly people (older than 60 years) is estimated to reach 2 billion, corresponding to approximately 22% of the global population.[@b1-cia-9-1775]

In general terms, sedentary aging involves a reduction in physical capacity, in association with functional deficits, such as reduced levels of respiratory muscle strength and muscle strength, reduced cardiorespiratory capacity, and reduced mobility, all of which make completing daily activities more difficult.[@b2-cia-9-1775]--[@b4-cia-9-1775] A recent study established a strong association between poor physical fitness and respiratory disorders.[@b4-cia-9-1775]

Dysfunction in the respiratory muscles can lead to hyperventilation, reduction in exercise tolerance, and even respiratory insufficiency; also, it is associated with an increase in morbidity and mortality rates.[@b4-cia-9-1775],[@b5-cia-9-1775] The evaluation of respiratory muscle strength is of great clinical importance and can be measured by static and dynamic maneuvers.[@b6-cia-9-1775]--[@b9-cia-9-1775] Static maneuvers infer maximal inspiratory pressure (MIP) and maximal expiratory pressure (MEP). These parameters, evaluated through the mouth, reflect the pressure that is being generated by the action of the respiratory muscles.[@b6-cia-9-1775]--[@b9-cia-9-1775]

Specific respiratory muscle training has had significant effects on the respiratory muscle strength and endurance of athletes.[@b10-cia-9-1775] However, few scientific studies suggest that resistance training can be used for improving respiratory muscle strength.[@b11-cia-9-1775],[@b12-cia-9-1775] To the best of our knowledge, no study has investigated the chronic effect of resistance training (RT) volume on the respiratory muscles in elderly women. Therefore, the aim of the present study was to compare the effects of RT volume on the MIP, MEP, functional performance, and muscle strength in elderly women.

Methods
=======

Subjects
--------

The inclusion criteria required the women to be nonsmokers and between 60 and 80 years of age, with previous experience of RT (minimum 6 months, uninterrupted), but without participation in any type of physical exercise during the preceding 3 months. Volunteers who had any type of musculoskeletal, cardiovascular, or neurological disorder that complicated RT were excluded, as were women who could not complete the 24 training sessions.

Thirty elderly women from the local community agreed to participate in this study. The volunteers were randomly divided into two groups: 1-SET (n=15), and 3-SET (n=15). By the end of the study, 19 participants had successfully completed the study protocol (1-SET, n=11; 3-SET, n=8); the reasons for dropout were not related to adverse events associated with the protocol, and the participants who did not complete 24 training sessions or who missed four consecutive sessions were excluded ([Figure 1](#f1-cia-9-1775){ref-type="fig"}).

All participants presented a medical certificate and signed the Termo de Consentimento Livre e Esclarecido (informed consent form) for their participation in this research. The study was approved by the Research Ethics Committee of Universidade da Amazônia (CAAE \[certificate of presentation for ethical consideration\] number: 12941013.5.0000.5173), in accordance with both the regulations of Resolution 196/96 of Conselho Nacional de Pesquisa Envolvendo Seres Humanos (National Council on Ethics in Human Research) and the Declaration of Helsinki.

Procedures
----------

The participants initially performed two sessions of training in order to learn the exercises. Thereafter, they attended an additional four sessions. During the first session, anthropometry and functional performance were assessed with the sit-to-stand test. On the second visit, MIP and MEP were assessed. On the third and fourth visits, testing and retesting 10 maximum repetitions (MR) were conducted. After 24 sessions of progressive RT, the tests were reassessed in the same sequence and by the same evaluator.

### Sit-to-stand in 30 seconds

The assessment was started using a chair with a height of 43 cm; the volunteer sat in the middle of the seat, with a straight spinal column, feet resting on the ground and arms crossed against the chest. When signaled, the volunteer was encouraged to fully sit and stand as many times as possible in 30 seconds. The test was performed as described by Rikli and Jones.[@b13-cia-9-1775] All patients were familiarized with the testing, and the best time of two attempts was used.

### Anthropometry

For the measurement of waist and abdominal circumference, a flexible metallic tape measure with precise 0.1 cm markings was used (Sanny, São Paulo, Brazil). Body fat percentages were estimated using a Skinfold Caliper (Harpenden, London, UK) and an analog scale with a stadiometer, having a 180 kg capacity in 100 g divisions. Skinfold thicknesses were measured according to the standard set by the Durnin and Womersley[@b14-cia-9-1775] equation for elderly women, and the Siri[@b15-cia-9-1775] equation. All measures were taken by an International Society for the Advancement of Kinanthropometry Level 3 anthropometrist with at least 10 years of experience, with reliability tested by technical error of measurement, as proposed by Norton and Olds,[@b16-cia-9-1775] being lower than 2%.

### Maximum inspiratory pressure and maximum expiratory pressure

MIP and MEP were measured in stages using an analog manometer (MV 300; Wika, São Paulo, Brazil), with a pressure range of -300 cmH~2~O to +300 cmH~2~O. Both MIP and MEP measurements were performed with a plastic tube 3 cm in diameter and 15 cm long, with a plastic flanged mouthpiece and a small air leak 7.5 cm from the mouthpiece. The small leak in the tube was necessary to prevent generation of high buccal pressures. In addition, subjects were required to hold their cheeks with one hand during the performances. Verbal encouragement was given to the subjects during testing, to ensure that motivation levels remained high. Measurements followed the recommendations of the American Thoracic Society/European Respiratory Society[@b6-cia-9-1775] and were conducted three times for each participant by an experienced evaluator. The highest value was used for the analysis. In cases where a difference exceeding 10% was found between repeated measurements, the exercise was repeated to obtain the highest measurement, but not necessarily the final one.[@b6-cia-9-1775],[@b7-cia-9-1775]

### Muscle strength (10 MR)

Muscle strength was assessed by MR tests in accordance with American College of Sports Medicine[@b17-cia-9-1775] recommendations, using bench press, deadlift, unilateral rowing, and standing calf raise. All participants underwent two test sessions, with an interval of \>48 hours between sessions. The test and retesting were conducted in the same order, to minimize possible errors in the 10 MR tests. Each session comprised one set of warm-ups, with an estimated 50% load on the first attempt and up to three consecutive attempts, in order to manage a load of 10 MR. The recovery interval between attempts was 5 minutes.

Resistance training program
---------------------------

The 1-SET (n=11) and 3-SET (n=8) groups conducted RT two times per week for 12 weeks, with a minimum of 48 hours between sessions. All sessions were conducted in the Laboratory of Resistance Training and Health, and participants were instructed to maintain their daily activities and normal eating habits throughout the 24 training sessions.

Both groups conducted the following exercises: bench press, deadlift, unilateral rowing, standing calf raise, and lower abdominal exercise. Such exercises involve the major muscle groups of the upper and lower limbs and simulate the basic movements of daily activities. All exercises were performed in the same order, with an intensity of 8--12 MR. The participants were instructed to adjust their training load in order to guarantee submaximal/maximal strength between 8 and 12 MR. The following characteristics were observed in the technical performance of the exercises: tendency for concentric muscle failure and reduction in rhythm, apnea, and isometry. If the volunteers were able to complete 12 repetitions of an exercise in each of two consecutive training sessions, the loads were increased by 5%.[@b17-cia-9-1775] All sessions were supervised and involved small groups of up to six participants, to ensure that each exercise technique was performed correctly, safely, and to the appropriate intensity.

In each experimental group (1-SET and 3-SET), the type of training method alternated by segment.[@b17-cia-9-1775] Other RT variables, including intensity, repetitions, speed, order, interval, and weekly frequency were the same for both groups; the only difference between the groups was the number of sets ([Table 1](#t1-cia-9-1775){ref-type="table"}).

Training sessions
-----------------

The single- and multiple-set protocols had a maximum duration of 20 minutes and 50 minutes, respectively. At the beginning of each session, the individuals performed a warm-up of approximately 5 minutes in duration. The warm-up involved exercises for the upper and lower limbs: shoulder adduction and abduction, torso rotation, hip flexion and extension, knee flexion and extension, and ankle flexion and extension.

Variable reproducibility
------------------------

The test and retest for 10 MR was conducted using an interval of 48 hours. The intraclass correlation coefficients were 0.90, 0.94, 0.77, and 0.82 for bench press, deadlift, rowing, and standing calf raise, respectively. All volunteers were familiar with all the tests, as they had participated in other projects within the laboratory during the previous semester.

Statistical analysis
--------------------

Traditional statistical methods were used to calculate mean ± standard deviation. Sample normality was calculated using the Shapiro--Wilk test. The effect of the different interventions single- versus multiple-set (independent variables) on MIP, MEP, and muscular strength (dependent variables) were analyzed by means of ANOVA (2×2). A Sidak correction was used to adjust the *P*-value regarding the number of contrasts performed, and a *P*\<0.05 criterion was used to establish statistical significance. Reproducibility was assessed using an intraclass correlation coefficient, and effect size was calculated for paired variables. The SPSS 18 package (IBM Corp., Armonk, NY) for Windows was used for all statistical tests.

On the basis of a pilot study (four subjects), as well as available literature, a power analysis was performed to determine the appropriate number of subjects. Eight subjects (per group) were required to detect a minimum difference of 12 cmH~2~O for MIP and 10 cmH~2~O for MEP (Granmo 5.2 for Windows; IMIM, Barcelona, Spain), which would be required to achieve 80% statistical power.

Results
=======

The characteristics of the women in this study are presented in [Table 2](#t2-cia-9-1775){ref-type="table"}. There were no significant differences in age, weight, body mass index, body fat percentage, or waist and abdomen circumferences between the groups at the beginning of the study. Furthermore, these variables were not significantly different after training.

The 1-SET and 3-SET groups significantly improved (*P*\<0.05) in the MEP (pre: 79.5±20.5 cmH~2~O; post: 105.5±24.6 cmH~2~O; effect size: 1.27) and (pre: 76.3±10.9 cmH~2~O; post: 102.5±14.9 cmH~2~O; effect size: 2.40), respectively ([Figure 2](#f2-cia-9-1775){ref-type="fig"}).

MIP also increased significantly (*P*\<0.05) in both groups (pre: 90.0±17.0 cmH~2~O; post: 102.3±17.5 cmH~2~O; effect size: 0.71) and (pre: 72.5±16.0 cmH~2~O; post: 80.6±20.1 cmH~2~O; effect size: 0.51) for the 1-SET and 3-SET groups, respectively ([Figure 3](#f3-cia-9-1775){ref-type="fig"}).

Both the 1-SET and 3-SET groups significantly improved (*P*\<0.05) in the sit-to-stand test (pre: 19.0±3.2 repetitions; post: 21.0±3.8 repetitions; effect size: 0.61) and (pre: 18.6±3.0 repetitions; post: 21.6±2.9 repetitions; effect size: 1.00), respectively ([Figure 4](#f4-cia-9-1775){ref-type="fig"}).

In the exercises assessed, both groups demonstrated significantly (*P*\<0.0001) increased levels of muscle strength (40%--80%) after training ([Table 3](#t3-cia-9-1775){ref-type="table"}). The intergroup comparison did not show any significant difference in any of the analyzed parameters.

Discussion
==========

The main finding of this study was that single set (SS) and multiple set (MS) RT programs are efficient methods for improving performance in the sit-to-stand test and increasing muscle strength, MIP, and MEP in elderly women after 24 sessions of training. Both the 1-SET and 3-SET groups showed statistically significant changes in respiratory muscle strength. To the best of our knowledge, this was the first study to compare the effects of RT volume on respiratory muscle strength in elderly women.

Currently, MIP and MEP are widely used, and the objectives are to identify possible weakness, respiratory muscle failure, and fatigue, as well as to quantify the effects of respiratory training.[@b6-cia-9-1775]--[@b10-cia-9-1775] This capacity is considered as an important parameter for the assessment, mainly in individuals with certain chronic diseases, and the elderly, because they experience significant respiratory changes with the onset of senescence.[@b8-cia-9-1775],[@b9-cia-9-1775],[@b18-cia-9-1775]

Respiratory muscle strength may have increased because, during RT, abdominal muscles are used as stabilizers, through isometric contractions that maintain body posture, contributing to improved muscular strength.[@b19-cia-9-1775] Among the different exercises used in our protocol (submaximal/maximal strength between 8--12 MR), the deadlift is considered an important exercise that encourages the activation of important respiratory muscles, namely, the rectus abdominis, transverse abdominis, and serratus anterior.[@b19-cia-9-1775] Additionally, abdominal exercises are normally prescribed in RT programs.[@b17-cia-9-1775] Hackett et al[@b11-cia-9-1775] suggest that other potential factors which may contribute to the increase of the respiratory muscles strength include the involvement of the diaphragm during RT.

Watsford and Murphy[@b20-cia-9-1775] demonstrated a significant increase in respiratory muscle strength in elderly women participating in specific respiratory muscle training over a period of 8 weeks. Other benefits observed included a reduction in the submaximal heart rate and an increase in maximum voluntary ventilation, when compared to a control group. A study[@b12-cia-9-1775] investigated the effects of flexibility training (proprioceptive neuromuscular facilitation) combined with resistance training (elastic resistance bands) on respiratory muscle strength in adult women, and its results showed significant increases in MIP and MEP. In accordance with our results, these studies suggested that specific respiratory muscle training and resistance training are important adjuvants in improving respiratory muscle strength.[@b11-cia-9-1775],[@b12-cia-9-1775],[@b20-cia-9-1775]

In a recent study, MIP and MEP were observed to decrease according to the fragility of the elderly person. In addition, inspiratory and expiratory muscle strengths were positively correlated with general muscle strength.[@b21-cia-9-1775] These data justify the need for further studies to assess the effects of resistance exercise on inspiratory and expiratory muscle strength, with the aim of minimizing or reversing loss of respiratory function, given that a reduction in pulmonary function is associated with an increase in morbidity and mortality rates.[@b18-cia-9-1775],[@b22-cia-9-1775],[@b23-cia-9-1775]

Another important benefit observed in this study was muscular strength gains. This physical component is related to increased mobility and walking pace, due to increased musculoskeletal excitability and muscle innervation, leading to greater functional independence.[@b3-cia-9-1775],[@b24-cia-9-1775],[@b25-cia-9-1775] Furthermore, increased muscle strength can contribute to a reduced incidence of falls, thus preventing bone fractures. Therefore, muscle strength is an important physical component for maintaining the health of the elderly.[@b2-cia-9-1775],[@b26-cia-9-1775]

The elderly women who participated in this study demonstrated statistically significant increases in levels of muscle strength after 24 sessions of progressive RT over a period of 12 weeks, without significant intergroup differences (1-SET versus 3-SET). These results could be explained by the short training period (neural adaptations) used in agreement with a recent study.[@b27-cia-9-1775] Galvão and Taaffe[@b28-cia-9-1775] assessed the effects of SS and MS RT in the elderly, and their results demonstrated that after 20 weeks of training, both groups significantly increased their strength in the seven different types of exercises analyzed. These results corroborate a meta-analysis published by Fröhlich et al[@b29-cia-9-1775] which demonstrated that SS and MS RT can guarantee a similar strength increase in individuals using short training periods, but the benefits of using MS RT increase with longer training periods (over 25 weeks). Another meta-analysis[@b30-cia-9-1775] reported that when subjects used two to three sets per exercise, they demonstrated a 46% increase in strength, in comparison with a single set, regardless of the training level or the program duration. The difference between these meta-analysis results could be related to the inclusion methods employed by the different studies and their statistical delineation.

The results of this study showed significant increases in the sit-to-stand test. Currently, this test is considered an important indicator of lower limb strength, and functional capacity to perform basic activities in older adult women,[@b13-cia-9-1775],[@b31-cia-9-1775]--[@b33-cia-9-1775] in addition to its correlation with quadriceps strength and lean mass.[@b33-cia-9-1775] The findings from this study corroborate those of Galvão and Taaffe,[@b28-cia-9-1775] in identifying that SS programs performed two times per week are able to improve performance in the sit-to-stand test.

No significant differences were observed in anthropometric indexes between the groups after 24 training sessions. These results can be explained by the absence of nutritional intervention, given that the women maintained their normal eating habits during the study period. Washburn et al[@b34-cia-9-1775] assessed the effects of SS RT on body composition using double-emission densitometry in overweight adults. The exercise protocol comprised a single set of nine exercises, performed three times per week at 3--6 MR intensity over a period of 6 months. The results revealed that, compared to the control group, the intervention group had a significant increase in lean mass. The intervention group did not show any change in body fat, whereas the control group showed a significant increase in body fat (mean: 1.9%). There was no nutritional intervention in these groups, and the minimum training volume helped to maintain a stable body fat mass.[@b34-cia-9-1775] That evidence corroborates our study, given that both groups received no nutritional intervention and showed no significant changes in their body fat percentages.

Conclusion
==========

Single- and multiple-set resistance training programs increased respiratory muscle strength, muscle strength, and sit-to-stand test performance in elderly women after 24 sessions of training. Elderly women who do not prioritize time for physical activity or do not have a good adherence to regular programs should be recommended to start with single-set resistance training programs as a short-term strategy.
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![Flowchart of the volunteer selection process in different stages of the study.\
**Abbreviations:** 1-SET, single set; 3-SET, three sets.](cia-9-1775Fig1){#f1-cia-9-1775}

![Maximum expiratory pressure (MEP) before and after 24 sessions of resistance training.\
**Notes:** Data are presented as means ± standard deviation. Percent differences between pre-test and post-test. \**P*\<0.05, versus pre-test.\
**Abbreviations:** 1-SET, single set; 3-SET, three sets.](cia-9-1775Fig2){#f2-cia-9-1775}

![Maximum inspiratory pressure (MIP) before and after 24 sessions of resistance training.\
**Notes:** Data are presented as means ± standard deviation. Percent differences between pre-test and post-test. \**P*\<0.05, versus pre-test.\
**Abbreviations:** 1-SET, single set; 3-SET, three sets.](cia-9-1775Fig3){#f3-cia-9-1775}

![Functional performance in the sit-to-stand test before and after 24 sessions of resistance training.\
**Notes:** Data are presented as means ± standard deviation. Percent differences between pre-test and post-test. \**P*\<0.05, versus pre-test.\
**Abbreviations:** 1-SET, single set; 3-SET, three sets.](cia-9-1775Fig4){#f4-cia-9-1775}

###### 

Resistance training variables used in this study

  Variables                    1-SET                                                3-SET
  ---------------------------- ---------------------------------------------------- -------------------------------------
  Intensity                    60%--80% of 10 MR                                    60%--80% of 10 MR
  Repetitions                  8--12                                                8--12
  Speed                        2 seconds of eccentric and 2 seconds of concentric   2 seconds' eccentric and concentric
  Interval between exercises   90 seconds                                           90 seconds
  Interval between sets        --                                                   120 seconds
  Frequency                    2 times per week                                     2 times per week
  Number of exercises          5 exercises                                          5 exercises
  Set                          1 set per exercise                                   3 sets per exercise

**Abbreviations:** 1-SET, single set; 3-SET, three sets; MR, maximum repetitions.

###### 

Characteristics of elderly women before and after 24 sessions of training; women performing a single set (1-SET, n=11) and those performing three sets (3-SET, n=8)

                              Before      After                  
  --------------------------- ----------- ---------- ----------- ----------
  Age                         67.1±3.7    69.4±6.0               
  Body mass (kg)              65.1±12.1   63.9±8.1   65.7±11.9   64.3±8.3
  Height (cm)                 153±0.1     152±0.1    153±0.1     152±0.1
  Body mass index (kg/m^2^)   27.9±4.0    27.7±3.6   27.9±3.9    27.8±3.5
  Abdomen (cm)                95.7±11.9   96.8±7.5   94.1±11.2   94.1±6.9
  Waist (cm)                  85.2±10.7   86.4±8.6   84.7±9.1    84.7±7.5
  %G (body fat percentage)    40.9±2.7    40.0±1.9   39.0±2.7    39.0±2.1

**Note:** Data are presented as mean ± standard deviation.

###### 

Repetition test (10 MR) before and after 24 sessions of training in the group performing a single set (1-SET, n=11) and in the group performing three sets (3-SET, n=8)

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Exercises in kg   Group      Pre\          Post\         Δ\            Δ %\                                                  *P*-value                                             Effect size
                               (mean ± SD)   (mean ± SD)   (mean ± SD)   (mean ± SD)                                                                                                 
  ----------------- ---------- ------------- ------------- ------------- ----------------------------------------------------- ----------------------------------------------------- -------------
  Bench press       1-SET      13.8±1.7      21.6±3.2      7.8±2.1       56.5±13.8                                             \<0.0001[\*](#tfn3-cia-9-1775){ref-type="table-fn"}   4.59

  3-SET             14.3±3.5   22.0±4.0      7.8±2.0       57.5±21.0     \<0.0001[\*](#tfn3-cia-9-1775){ref-type="table-fn"}   2.20                                                  

  Deadlift          1-SET      10.0±3.8      16.5±3.6      6.5±2.4       60.0±23.5                                             \<0.0001[\*](#tfn3-cia-9-1775){ref-type="table-fn"}   1.71

  3-SET             13.3±3.8   20.5±4.1      7.3±1.5       73.2±28.8     \<0.0001[\*](#tfn3-cia-9-1775){ref-type="table-fn"}   1.89                                                  

  Rowing            1-SET      19.5±2.7      26.6±2.5      7.1±3.7       38.3±20.4                                             \<0.0001[\*](#tfn3-cia-9-1775){ref-type="table-fn"}   2.63

  3-SET             16.9±2.6   26.5±2.6      9.6±2.1       58.8±17.8     \<0.0001[\*](#tfn3-cia-9-1775){ref-type="table-fn"}   3.69                                                  

  Calf raise        1-SET      21.8±3.5      38.6±2.3      16.8±3.4      79.1±22.0                                             \<0.0001[\*](#tfn3-cia-9-1775){ref-type="table-fn"}   4.80

  3-SET             25.0±2.8   40.6±8.6      15.6±5.6      66.1±28.5     \<0.0001[\*](#tfn3-cia-9-1775){ref-type="table-fn"}   5.57                                                  
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Notes:**

*P*≤0.001, versus pretest; Δ % = average percent difference between pre- and post-tests. Data are presented as mean ± standard deviation.

**Abbreviations:** MR, maximum repetitions, SD, standard deviation.
